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ABSTRACT 
In recent years a field of research of growing interest 
has been the application of physico-chemical characterization 
methods on modern materials to the study of ancient 
materials found by the archaeologists. This new field on 
Materia ls Science is known as Archaeometry. Many ques-
tions about the origin and manufacture of ancient glasses 
can be sol ved by using the same methods of analysis and 
microstructure characterization applied normally to special 
and advanced glasses. 
The islands of Mallorca and Menorca, located in the 
Balearic a rchipelago in the Mediterranean sea, has long 
been a crossing place of cultures . Transparent, opal and 
coloured glasses have been found in various archaeological 
investigations carried out in these islands. In order to know 
the composition and microstructure of sorne of these glasses, 
an archaeometric study has been carried out using X-ray 
diffraction (XRD), transmission electro n microscopy (TEM), 
scanning electron microscopy and energy-dispersive X-ray 
analysis (SEM/EDX), differential thermal analysis (DTA), 
and hot stage optical microscopy (HSM) methods. 
The SEM/EDX average microanalysis results show 
(1) Comunicación presentada al XVI Congreso Inter-
nacional del Vidrio . Madrid, 4-9 octubre, 1992. La traduc-
ción al inglés ha sido revisada por A. Gilman para su 
pu blicación. 
(*) Instituto de Cerámica y Vidrio. Laboratorio de 
Microscopía Electrónica (CSIC). Arganda del Rey. Madrid. 
that these glasses are deficient in sodium and highly enriched 
in Al20 3 and Fe20 3, their composition being in the range: 
0.5-1.5 K20 , 8-JO CaO, 6-8 Ah03, 6-8 Fe20 3, 74-76 Si02 
(wt %). Sorne of these glasses a lso contain high percentages 
of lead. Small quantities of Ti02, CuO and S03 (0.5 %) 
have also been detected. Surface decoration and blue colour 
are other features of these ancient glasses, the surface of 
which , depicted by SEM, is highly altered with flaked and 
corroded microstructures. 
RESUMEN 
En los últimos años la aplicación de los métodos físico-
químicos de caracterización de materiales modernos al estudio 
de materiales antiguos es un campo de investigación de 
creciente interés para los arqueólogos. Este nuevo campo de 
investigación en Ciencia de los Materiales se viene denomi-
nando con el nombre de Arqueometría. Por lo tanto, muchas 
cuestiones sobre el origen y manufactura de los vidrios 
antiguos pueden resolverse usando los mismos métodos de 
análisis y de caracterización microestructural que se aplican 
normalmente a vidrios especiales o avanzados. 
La isla de Mallorca ha sido en el pasado un lugar de paso 
y de encuentro de diferentes culturas. Se han encontrado 
vidrios transparentes, opalescentes y coloreados en diferentes 
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investigaciones arqueológicas llevadas a cabo en esta isla del 
Mediterráneo. 
Para conocer la composición y microestructura de algunos 
vidrios encontrados en cuevas de Mallorca y Menorca se ha 
realizado, pues, un estudio arqueo métrico por las técnicas de: 
Difracción de rayos X (DRX); microscopía electrónica de 
Transmisión (MET), microscopía electrónica de barrido y 
microanálisis por dispersión de energías de rayos X 
(MEB/EDX), análisis térmico diferencial (ATD) y micrClscopía 
de calefacción (HSM). Los resultados de MEB/EDX de 
microanálisis promedio muestran que estos vidrios son defi-
cientes en sodio y altamente enriquecidos en A l20 j y Fe20 3 
estando su composición en el intervalo: 0,5-1,5 K20 , 8-10 
CaO, 6-8 A120 j, 6-8 Fe20 j, 74- 76 Si02 (% peso). Algunos de 
estos vidrios también contienen un alto porcentaje de plomo. 
Se han detectado pequeñas cantidades de Ti02, CuO y S03 
« 0,5 %). La superficie decorada, el color azul y las otras 
características de estos vidrios que muestran su superficie 
altamente corroída por MEB han sido también analizados y 
discutidos. 
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INTRODUCTION 
The Balearic islands, located in the Medi-
terranean sea, have been influenced in the past 
by several cultures. They were places of passage 
and foci of important commercial activities. In 
the larger islands, Mallorca and Menorca, caves 
frequently are found containing burials rich in 
archaeological ceramics and glassy material s 
(Waldren , 1981 ; Amorós, 1974, Enseñat, 1981). 
Thus, the burial caves from Massana, Campanet, 
Mallorca (Frontan , 1991), and Cales Coves, 
Alaior, Menorca (Veny, 1982) are two good 
examples. They have produced ceramics and 
glass beads which give rise to several important 
questions about the cultural infuences that have 
affected the Balearic islands in the past. 
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MATERIAL S AND METHODS 
Several glassy beads from the aboye menti-
oned burial caves have been selected for an 
archaeometric study by scanning electro n mi-
croscopy and X-ray microanalysis. 
Massana cave, Mallorca (Frontan, 1991), is 
located southwest of the mountain named Puig 
de la Mola near the village of Campanet. The 
cave's deposit is 2 m. thick and constituted by 
lime burials. Glass beads are located throughout 
the deposit both in earlier and later levels. Blue 
glass beads are located in the lower level which 
dates to the IVth century B.C. White and 
pyramidal glass beads and beads with dolphin 
shape are found in the upper levels and are 
dated approximately to the IInd century B.C. 
Plate 1 shows the glass beads which we have 
analyzed from the Massana cave. The two views 
separated by arrows are of a bead with inlaid 
grams. 
Cales Coves, on the coast of Menorca, are 
caves with burials cut into the limestone. The 
glass beads are found throughout the burials 
and possibly belong to different necklaces. They 
are found with bracelets , iron knives, bronzes , 
and rings and date to the IIlnd century B.C. 
PI ate 11 shows the appearance of the small glass 
beads analyzed here. The two samples consist of 
the beads in the upper and lower rows. 
They are either brown in colour with blue 
circles or, more frequently, they have a silver 
plate surface with a metallic aspect. 
The four samples have been broken, their 
surfaces have been cleaned with ethyl alcohol 
and mounted with carbon glue in sample holders 
for scanning electro n microscopy (SEM). Energy 
dispersive X-ray analyses (EDX) were performed 
in order to determinate the chemical composi-
tion of these ancient glass beads. 
The SEM/EDX configuration used here 
has been a SEM/EDX digitalized microscope, 
Zeiss DSM-950, and a EDX Tracor Northem 
series Z-I1 spectrometer. For best comparison 
of chemical composition, average microanalysis 
results at lower magnifications have been carried 
out in exactly the same conditions for each 
specimen. Semiquantitative analysis were made 
by using the ZAF correction software from 
Tracor (Mc Carthy, 1979). 
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Plate 1. Glass beads [ro m the Massana cave, Mallorca, here inves tigated. 
Plate 11 . Glass ancient beads fro m the Ca les Caves , Menorca , here investigated . 
RESULTS AND DISCUSSION 
As is shown in Table 1, the Massana glass 
bead including small quartz inlays in the surface 
is a high lead content glass , while the Massana 
grey glass bead is a lime-silica glass with high 
silica contento This grey glass has a high content 
of iron oxides (7 .31 wt % expressed as Fe20 3). 
Therefore, although they are found in the same 
cave, these glass beads probably have different 
ongms. 
With respect to the Cales Coves glass beads 
there also exist differences. The silvered samples 
are soda-lime-silica glasses containing an 
important proportion of lead (7.48 wt % PbO) 
and iron (5 .55 wt % Fe20 3). Without considering 
this lead and iron content this glass could be 
similar to roman glasses from the Iberian Pe-
ninsula, like those previously studied by Rincón 
(1984). However, the blue glass bead is a high 
calcia-silica glass very close in composition to 
the Massana grey sample. Copper is present in a 
small proportion; the iron content is similar to 
the silvered sample; and the Massana grey 
sample has a low sodium content. This low 
sodium content (= 0.09 wt %) could be related 
T. P .. nº 50. 1993 
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to leaching in the burial, as can be seen in the 
strongly etched surface by scanning electro n 
microscopy (PI ate IlI). Therefore, in spite of its 
different colour and size, the grey glass bead 
from Massana is very similar in composition to 
the blue glass bead from Cales Coves . 
TABLA 1 
EDX Á VERAGE ANAL YSIS ON ANCIENT CLASS 
BEADS FROM THE BALEAR ISLANDS 
sample Massana Cales Coves Cales Coves 
same etched Massana grey 
wt% quartz ¡nlays silver blue 
Na20 11.75 6.90 - 14,40 0.09 
MgO 1.65 1.1 3 - - 0.60 
AbO) 0. 89 3.05 6.16 3.59 7.8 1 
Si02 41.71 28.15 76. 13 56.43 73.86 
S02 - - - - 0.53 
PbO 39.83 54.06 - 7.48 -
K20 0.81 0.57 0.36 2.53 1.47 
CaO 2.86 5.41 10.03 5.60 8.58 
Ti02 - - - 1.98 0.37 
Fe20 ) - 0.22 7.3 1 5.55 6.48 
ZnO 0.1 8 0.13 - 2.43 -
CuO - - - - 0.22 
In conclusion , several glass beads from 
Mallorca and Menorca have been analysed by 
SEM/EDX. These glasses (grey, blue and sil-
vered surfaces) belong to the general composi-
tion systems (wt % > 5): 
Na20-PbO-Si02 
Na20 -CaO-Fe20 )-PbO-Si02 
CaO-Fe20 )-AhO)-Si02 
The composition of CaO glass beads is in 
sorne ways close to Roman glasses reported in 
previous papers. In terms of its lead content, the 
lead glass bead from Massana cave could be 
similar to Islamic lead glasses (Smith, 1969). In 
terms of MgO and K20, the Massana grey and 
Cales Coves beads would be Roman or early 
Islamic glasses (Smith , 1969). Nevertheless, more 
research is now in progress to elucidate aspects 
not yet clear in the investigation of these beads: 
the archaeological context of the beads reported 
by the excavator is earlier than the above-
mentioned similarities would indicate. 
T. P .. nº 50. 1993 
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Plate III. SEM micrograph of an ancient glass bead , blue 
colour, from Cales Coves, Menorca, burials . 
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